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Objective: Most MRI-based osteoarthritis (OA) studies have focused on a single knee per person and thus,
data on bilaterality is sparse. Study aim was to describe symmetricity of MRI-detected OA features in a
cohort of subjects with knee pain.
Design: Participants were 169 subjects with chronic knee pain who had 3 T MRI of both knees using the
same protocol as in the Osteoarthritis Initiative. Knees were read for cartilage damage, bone marrow
lesions (BMLs), and meniscal damage according to the Whole-Organ Magnetic Resonance Imaging Score
(WORMS) system. Chi2 tests were used to compare the proportion of knees with unilateral tissue pa-
thology to the proportion what would be expected if both knees were independent. We further used
percent agreement and linear weighted kappa statistics to describe agreement of cartilage damage and
BMLs in the same articular plates.
Results: 51.2% of participants were men, mean age was 52.1 (±6.2), mean BMI was 29.0 kg/m2 (±4.1). All
plates showed a signiﬁcant higher degree of symmetricity for cartilage damage as evidenced by weighted
kappas ranging from 0.32 to 0.59. For BMLs the degree of symmetricity was higher for the patella,
trochlea, medial tibia, lateral femur, and medial femur; for meniscal damage the degree of unilaterality
was lower for all medial meniscal subregions but not all lateral. Kappas ranged between 0.52 and 0.68 for
cartilage and 0.30 and 0.55 for BMLs for the four subregions with highest agreement.
Conclusion: A higher degree of symmetricity of tissue damage than expected by chance was observed in
this cohort of subjects with knee pain.
© 2015 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.Introduction
Osteoarthritis (OA) is an increasingly prevalent health condition
affecting 27 million adults in the U.S. and representing an important: F.W. Roemer, Quantitative
oston University School of
nue, Boston, MA 02118, USA.
lf of Osteoarthritis Research Societsocietal and health burden1. Application of magnetic resonance im-
aging (MRI) in large observational studies such as the Osteoarthritis
Initiative has resulted in a paradigm shift and we now understand
knee OA as a condition affecting the entire jointwithmultiple tissues
interacting in the disease process2e5. While OA has been regarded as
a multifactorial process initiated by different triggers and insults to a
speciﬁc joint with subsequent multi-tissue alterations within that
joint, there is a growing body of evidence that supports under-
standing OA as a more systemic condition6. Supporting this hy-
pothesis, several MRI-based studies evidenced associations betweeny International.
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gender7, metabolic parameters like metabolic syndrome8 or con-
centration of circulating inﬂammatory cytokines9. While it is likely
that both, joint speciﬁc and systemic risk factors, including ge-
netics10, contribute to the pathogenesis of knee OA, a more speciﬁc
understanding might eventually help in tailoring individualized
therapeutic approaches. To date, most MRI-based studies have
commonly assessed only one knee per person, usually the more
symptomatic one, and only sparse data on synchronously acquired
bilateral MRIs is available11. A symmetric pattern of MRI ﬁndings
might add to a more systemic understanding of disease onset and
progression or may suggest similar biomechanical exposure of both
knees leading to symmetric tissue damage.
Recently, we published the results of the Joints on Glucosamine
(JOG) study, which did not provide evidence that oral glucosamine
supplementation results in structural beneﬁts in individuals with
chronic knee pain12. Assessed were cartilage damage and sub-
chondral bonemarrow lesions (BMLs) in both knees at baseline and
6 months follow-up using 3 T MRI. JOG was comprised of a mixed
population in regard to radiographic OA severity with 40% of sub-
jects without radiographic knee OA. In the same studywewere able
to deﬁne structural risk factors for short term cartilage loss while
demographic factors such as age, gender and bodymass index were
not predictive. However, due to its study designwe believe that JOG
is well suited to address the question of bilaterality or symmetricity
of MRI ﬁndings in subjects with chronic knee pain.
The aimof our studywas to describe the symmetric appearance of
radiographic OA features and of MRI-detected cartilage damage and
BMLs in both knees in a cohort of individuals with chronic knee pain.
Material and methods
Subject sample
Subjects were participants in the JOG study (clinical trial
registration number NCT00377286). The JOG study is a 6-month,
double-blind randomized controlled trial to examine the efﬁcacy
of oral glucosamine supplementation. Institutional Review Board
approval at the University of Pittsburgh and written informed
consent from all participants was obtained for the present study.
Two hundred and one participants, aged 35e65 with mild to
moderate chronic frequent knee pain were recruited at the Uni-
versity of Pittsburgh, PA. Subjects were excluded from JOG if they
screened positive for rheumatoid arthritis, had ankylosing spon-
dylitis, psoriatic arthritis, chronic reactive arthritis or renal insuf-
ﬁciency that required hemo- or peritoneal dialysis; were taking
bisphosphonates or dietary supplements for knee pain in the 6
months prior to study entry; had a history of cancer, had or
planned to have bilateral knee replacement surgery; or were
unable to walk without a cane or other assistive device. In addi-
tion, subjects with bone-on-bone contact in both knees on the
anterioreposterior radiograph (KellgreneLawrence (KeL) grade 4)
were excluded.
MRI examinations at baseline were conducted for 177 partici-
pants. Due to previous total knee arthroplasty or the presence of
severe joint space narrowing (JSN) with bone-to-bone contact in
either the medial or lateral tibio-femoral compartment in one knee
on the anterioreposterior radiograph eight participants had only
one knee scanned, leaving 169 participants with data on two knees
that were included in the analyses.
Radiography
Standing, semi-ﬂexed views of the tibiofemoral joint (posteri-
oreanterior projection) radiographs were obtained on allparticipants at the clinic screening visit. One experienced muscu-
loskeletal radiologist (AG) graded all baseline knee radiographs
according to the KeL scale and the Osteoarthritis Research Society
International (OARSI) atlas for osteophytes and JSN. Radiographic
tibiofemoral OA was considered present if the KeL grade was 2.
Scores were assigned for lateral and medial tibial and femoral
osteophytes, and lateral and medial tibiofemoral JSN. The reader
was blinded to clinical data and experimental group assignment
(i.e., oral glucosamine or placebo).
MRI acquisition
MRI of each knee was performed using a 3 T MR system
(Siemens Trio, Erlangen, Germany). The protocol used for the
Osteoarthritis Initiativewas also applied in the JOG study, excluding
the fast low angle shot sequence and the multi-echo spin-echo T2
mapping sequence. MRIs were acquired using a coronal
intermediate-weighted (IW) 2D turbo spin-echo, a sagittal 3D dual
echo at steady state (DESS) sequence, coronal and axial multiplanar
reformations of the 3D DESS and a sagittal IW fat suppressed (FS)
turbo spin echo sequence.
MRI assessment
Image interpretation was performed blinded to clinical infor-
mation and using digital imaging software (eFilm Workstation,
Version 2.1.2, Merge Healthcare, Milwaukee, Wisconsin). Cartilage
signal andmorphology were scored according to theWhole Organ
Magnetic Resonance Imaging Score (WORMS) system from 0 to 6
in each of the ﬁve subregions in the medial and lateral tibio-
femoral compartments and in the four subregions of the patello-
femoral joint, for a total of 14 subregions by a musculoskeletal
radiologist (FWR) with 10 years experience of semiquantitative
assessment of knee MRIs2. Subchondral BMLs were deﬁned as
poorly-delineated areas of hyperintensity directly adjacent to the
subchondral plate and were scored on the sagittal IW FS images
from 0 to 3 based on the extent of subregional marrow
involvement.
For radiographic and MRI assessment, all knees were presented
in random order to the reader and knees were scored indepen-
dently and blindly from the other.
Statistical analysis
X-ray features were analyzed by knee (KeL grade) or compart-
ment (joint space width, osteophytes). MRI features were analyzed
by plate (medial tibia, lateral tibia, medial femur, lateral femur,
patella, femoral trochlea) using the worst WORMS grade per plate
(recoded 0e4 for cartilagee i.e., WORMS grades 0 and 1 to 0, grades
2, 2.5 and 3 to 1, grade 4 to 2, grade 5 to 3 and grade 6 to 4 e and
0e3 for BMLs). Agreement between the two knees of an individual
was calculated using Cohen's Kappa with linear weighting of the
score categories for all ratings13. For the analysis of MRI features by
subregion, only the presence of any lesion was compared and
simple kappas were calculated. For the interpretation of kappa
values, 0 was considered poor, 0.01e0.20 slight, 0.21e0.40 fair,
0.41e0.60 moderate, 0.61e80 substantial and 0.81e1.00 almost
perfect agreement. Percentage agreement and expected agreement
were taken from the Kappa calculations and used the same
weighting. All analyses were conducted in Stata 11.2.
Results
Our study included 169 participants (52.1% men) with a mean
age of 51.2 years (range: 35e65 years, standard deviation
F.W. Roemer et al. / Osteoarthritis and Cartilage 23 (2015) 1343e1347 1345(SD) ± 6.2) and a mean BMI of 29.0 kg/m2 (SD ± 4.1). The per-
centages of overweight (25e30 kg/m2) and obese (>30 kg/m2)
subjects were 39.6% and 41.4%, respectively. The worst KeL grades
in either knee were: KeL 0 ¼ 37 (21.9%) knees, KeL 1 ¼ 14 (8.3%)
knees, KeL 2¼ 26 (15.4%) knees, K/L 3¼78 (46.2%) knees K/L 4¼14
(8.3).
A high prevalence of symmetricity was observed for radio-
graphic parameters with 85.7% agreement between left and right
KeL grade (compared to what would be expected if the two knees
were unrelated, 62.6%), lateral and medial joint space width 93.7%
and 88.0% (expected 90.1% and 74.9%) and medial and lateral
osteophytes ranging between 85.8% (lateral femoral e expected
75.6%) and 90.3% (medial femoral e expected 80.6%). Weighted
kappa values ranged from 0.30 for medial tibial osteophytes to 0.62
for KeL grade. All kappa values for radiographic parameters were
signiﬁcant at P < .0001.
On MRI, all plates showed a signiﬁcant higher degree of sym-
metricity than expected (P < 0.0001) for any cartilage damage
(kappas from 0.30 to 0.62). For any BMLs the degree ofFig. 2. Symmetrical subchondral BMLs. A. Sagittal fat-suppressed IW magnetic resonance im
femur (long thin arrows). Note adjacent superﬁcial cartilage damage (intermediate-sized
arrowhead). B. Corresponding left knee shows near-identical BML in the same femoral subre
large arrowheads). As in the right knee, there is adjacent superﬁcial cartilage damage (inte
Fig. 1. Symmetrical cartilage damage. A. Sagittal fat-suppressed IW MRI image shows a fo
corresponding left knee shows a symmetrical full thickness defect of similar extent in the samsymmetricity was higher for the patella, trochlea, medial tibia,
medial femur, and medial femur (P values < 0.001); for any
meniscal damage the degree of symmetricity was higher for all
medial meniscal subregions (kappas from 0.54 to 0.66, P < .0001)
but only the anterior (kappa ¼ 0.14, P ¼ 0.03) and posterior
(kappa ¼ 0.31, P < .0001) portions of the lateral compartment.
Figures 1 and 2 represent image examples that illustrate symmetric
tissue damage for cartilage alterations and subchondral BMLs.
Table I reports the results by plate using the WORMS scores.
Moderate agreement was observed for patellar and trochlear
cartilage damage (0.59 and 0.54) and patellar (0.41) BMLs. On a
subregional level, substantial agreement was shown for lateral
patella cartilage damage (kappa 0.68); moderate agreement was
observed for the subregions of lateral femur anterior, medial tibia
central and medial patella cartilage damage. Subregional agree-
ment for BMLs was lower overall, besides for the lateral femur
posterior (0.55). Table II gives an overview of the anatomical sub-
regions with the highest degree of symmetricity for cartilage
damage and BMLs.age of the right knee shows an intermediate (grade 2) sized BML in the anterior lateral
arrows). In addition there is a cystic component within BML (short arrow with large
gion (long thin arrows). Lesion similarly contains a cystic component (short arrow with
rmediate-sized arrows).
cal full thickness defect at the central medial femur in the right knee (arrow). B. The
e location (arrow). Note that both knees do not exhibit any adjacent meniscal damage.
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Patella 89 73 0.59 0.054 73 71
Femoral trochlea 91 81 0.54 0.058 51 46
Medial femur 86 80 0.32 0.055 44 39
Lateral femur 90 85 0.32 0.069 20 12
Medial tibia 86 79 0.34 0.057 32 29
Lateral tibia 91 85 0.36 0.059 25 24
BMLs
Patella 83 71 0.41 0.058 47 41
Femoral trochlea 84 75 0.34 0.059 35 29
Medial femur 86 82 0.26 0.060 25 20
Lateral femur 95 93 0.23 0.060 8 6
Medial tibia 88 84 0.24 0.061 19 18
Lateral tibia 91 90 0.07 0.061 13 8
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We observed a higher degree of symmetricity of articular tissue
damage than expected by chance in a large cohort of participants
with chronic knee pain and a spectrum of radiographic disease
severity ranging from KeL 0 to 4. Our ﬁndings conﬁrm a recent
study based within the Osteoarthritis Initiative11, which found a
positive association of MRI-assessed focal knee lesions between
right and left knees independent of pain status in subjects without
radiographic OA. Our study expands on these ﬁndings, as JOG
included a mixed population in regard to radiographic OA severity,
and we also evaluated radiographic structural OA features. Both,
radiographic structural changes and theMRI-deﬁned parameters of
cartilage damage and subchondral BMLs exhibited a more sym-
metric pattern than expected.
To date, not many studies have focused on symmetricity of
structural OAmanifestations andmost of these focused on hand OA
based on scintigraphic evaluation and radiography14,15. Similar
observations of symmetricity of OA-related features in the knee
joint have rarely been assessed, although recently it has been
established that knees with more advanced contralateral diseaseTable II
Expected and exact overall percent agreement and simple kappa for different


















1. Lateral patella 85 52 0.68 0.077 43 38
2. Lateral femoral
anterior
84 62 0.58 0.076 28 23
3. Medial tibia
central
82 62 0.53 0.077 26 25




96 92 0.55 0.076 5 4
2. Lateral patella 75 59 0.38 0.077 31 27
3. Medial femoral
central
79 70 0.30 0.075 21 15
4. Lateral femoral
anterior
78 69 0.30 0.077 21 18are likely to progress faster than knees with less disease (e.g., JSN)
using a quantitative outcome16.
Symmetrical involvement of joints in OA has been invoked as an
argument in favor of genetic or systemic factors, including hor-
monal and neurogenic ones, as the cause of disease6. Other authors
have hypothesized that common physical stressors may also result
in symmetrical hand OA, especially when added to inherited de-
formities15. The latter hypothesis is consistent with a recent report
suggesting that surrogates for mechanical stresses are the most
important risk factor for knee OA, while hand OA is mostly attrib-
uted to systemic factors8. Regardless of the theory that explains
symmetricity of OA-related damage, our observations suggest that
there is an individual risk for OA-related tissue changes beyond a
speciﬁc joint.
Our ﬁndings could be useful in the decision about allocating
controls in randomized clinical trials for knee OA that use intra-
articular treatment approaches on one knee. In fact, choosing the
contralateral knee (with similar structural abnormalities) as a
control would facilitate evaluation of structural effects within the
treated joint, as both joints are subjected to the same “systemic”
risk factors, including anthropomorphic characteristics such as
genetics, gender, age, and BMI.
Our study has some limitations that need mentioning. First, the
cohort was heterogeneous with regards to disease severity and was
relatively small. Moreover all subjects had knee pain but not
necessarily OA, which potentially limits the generalizability of our
ﬁndings to individuals with established symptomatic OA. Further,
we do not know if the observed lesions were associated with knee
pain. Finally, we acknowledge that BMLs are highly ﬂuctuating and
a cross-sectional study design cannot account for this potential
variation in presence and size.
In conclusion, we observed a higher degree of symmetricity
of knee articular tissue damage than expected by chance, which
supports the hypothesis that knee OA is a multifactorial disease
driven by risk factors on an individual joint level, but also by
person-based risk factors. These risk factors seem to predispose
joints not only to radiographic OA but also to articular tissue
damage commonly associated with OA that is detectable on
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